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(54) LASER BEAM MACHINING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To simply form a recessed 
part having a sharp- edge in the periphery part or a hole, 
by raisins the evaporation rate while reducing the molten 
amount of a member to be worked. 

SOLUTION: Laser beam of high peak power lower than 1 
pico-sec. of the pulse width is outputted from a laser 
beam device, this outputted laser beam is converged 
with a condenser lens 4 and the member 5 to be worked 
is irradiated with this. With this irradiation, the irradiated 
part by laser beam on the member 5 to be worked is 
evaporated, a recessed part or a hole is formed on the 
member 5 to be worked by this evaporation. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Pulse width outputs a high laser beam of 1 pico second or less of peak power from a 
laser device, A laser beam machining method which condenses this outputted laser beam by a 
condenser, glares on a workpiece, evaporates an irradiated part of the above-mentioned laser 
beam on this workpiece by this exposure, and forms a crevice or a hole on the above- 
mentioned workpiece by this evaporation. 

[Claim 2]Pulse width outputs a high laser beam of 1 pico second or less of peak power from a 
laser device, A laser beam machining method which condenses this outputted laser beam by a 
condenser, glares on a printing plate for printing, evaporates an irradiated part of the above- 
mentioned laser beam on a printing plate for this printing by this exposure, and forms a crevice 
on a printing plate for the above-mentioned printing by this evaporation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the laser beam machining method which forms 
a detailed crevice and hole in the surface of workpieces, such as a metallic material, by the 
exposure of a laser beam. 
[0002] 

[Description of the Prior Art]lf the surface of metallic materials, such as a steel plate and a 
copper plate, is irradiated with a laser beam, this metallic material will absorb the energy of a 
laser beam, and will be heated by the elevated temperature. 

[0003]And the degree of rise in heat of the surface of the metallic material which can be set in 
this case is so large that the energy density of a laser beam is high, and skin temperature rises 
according to progress of the irradiation time of that laser beam. Therefore, if the exposure of a 
laser beam is continued and skin temperature reaches a setting level, i.e., the melting point of 
a metallic material, this metallic material is gradually fused inside from the surface. 
[0004]However, if the exposure of a laser beam is continued further, the skin temperature of a 
metallic material will reach at the own boiling point, a surface substance will evaporate and 
evaporate, and a crevice and a hole will be formed in this part here. In the thermal process in 
such laser beam machining, the skin temperature of a metallic material is dependent on the 
energy and irradiation time of laser. 

[0005]By the way, in the conventional laser beam machining by evaporation of such surface 
material, and evaporation, for example, pulse (laser pulse) width ~ 10 pico seconds or more 
Nd: - the laser beam or pulse width from an YAG laser the laser beam from the maxima laser 
for 1 nanosecond or more by a condenser, [ condense and ] It irradiates with the laser beam 
which performed this condensing on the surface of a metallic material, and condensing spot is 
formed. 



[0006]ln this case, Nd used: Since the laser beam from an YAG laser has short wavelength as 
compared with the laser beam from C0 2 laser etc., its absorptive power to a metallic material 

is strong, and, for this reason, it can realize processing of efficient cutting of a metallic material, 
perforation, etc. 

[0007]Therefore, on the surface of the metallic material, the part of the condensing spot of a 
laser beam is heated intensively, and fuses, and the above-mentioned hollow and a hole of 
about [ the number of diameters of 10 micrometers ] are easily formed after that, then by 
boiling and evaporating. 
[0008] 

[Problem(s) to be Solved by the lnvention]However, in laser beam machining by the 
evaporation on the conventional surface of a metallic material, and evaporation. Since it is set 
as sufficient length even if the pulse width of a laser beam is comparatively small power 
density, The great portion of energy of that laser beam is spent on metaled melting 
(liquefaction), and some fused metallic materials adhere to the periphery of the crevice formed 
by this processing, It rose in the edge part and the technical problem of being unable to form 
the crevice or hole which have the sharp edge which the crevice becomes creter-like and 
needs occurred after solidification of molten metal. 

[0009]ln this conventional laser beam machining method, the pulse energy of a laser beam 
drawing 3 A 130-micro joule / pulse, The photograph image of the crevice which condensed 
and irradiated the surface of the copper plate with the laser beam of five shots of the double 
wave YAG laser whose pulse width is 10 nanoseconds (wavelength of 532 nanometers), and 
formed it in it by the condenser with a focal distance of 100 millimeters is shown. 
[0010]lt turns out that according to this figure the fused metal rises greatly, and has become 
creter-like in the edge part of the crevice formed by laser beam machining, and sharp edge is 
not obtained in that edge part. 

[001 1]lt is what was made in order that this invention might solve the above conventional 
technical problems, It aims at acquiring the laser beam machining method which can form 
easily [ the above-mentioned workpiece ] the crevice or hole which has sharp edge in an edge 
part by raising an evaporation rate, suppressing melting of workpieces, such as a metallic 
material by the exposure of a laser beam. 

[0012]An object of this invention is to acquire the laser beam machining method which can 
form a detailed crevice easily to printing plates used by offset printing or gravure printing, such 
as a printing cylinder and an intaglio. 
[0013] 

[Means for Solving the Problem]As for this laser beam machining method according to claim 1, 
pulse width outputs a high laser beam of 1 pico second or less of peak power from a laser 
device, This outputted laser beam is condensed by a condenser, it glares on a workpiece, an 



irradiated part of the above-mentioned laser beam on this workpiece is evaporated by this 
exposure, and a crevice or a hole is formed on the above-mentioned workpiece by this 
evaporation. 

[0014]As for the laser beam machining method according to claim 2, pulse width outputs a 
high laser beam of 1 pico second or less of peak power from a laser device, This outputted 
laser beam is condensed by a condenser, it glares on a printing plate for printing, an irradiated 
part of the above-mentioned laser beam on a printing plate for this printing is evaporated by 
this exposure, and a crevice is formed on a printing plate for the above-mentioned printing by 
this evaporation. 
[0015] 

[Embodiment of the lnvention]Hereafter, this embodiment of the invention is described. 
Drawing 1 is a key map showing the optical system of the laser beam machining device which 
enforces the laser beam machining method of this invention, in a figure, pulse width is 1 pico 
second or less, and 1 is a laser device which outputs the laser pulse (laser beam) whose pulse 
energy is a 500-micro joule grade. 

[0016]this laser device 1 — for example, titanium: -- it has broadband laser, such as sapphire 
laser, and that from which the high peak power for making power density of a laser beam for 

example, into 10 15 watt / square centimeter grade is obtained is used. 

[0017]This 10 15 watt/square centimeter power density, Pulse width can be realized, when 0.5 
pico second and pulse energy condense the laser beam of 500microJ / pulse by the condenser 
whose focal distance is about 100 millimeters and form a spot 10 micrometers in diameter in 
the surface of a workpiece. 

[0018]The laser beam as a laser pulse to which 2 was outputted from the laser device 1, the 
mirror for laser beam transmission by which 3 transmits this laser beam to the installation site 
of the metallic material which is a workpiece, and 4 are condensers which condense the laser 
beam transmitted via this mirror 3. 

[001 9]5 is a metallic material as a workpiece in which the laser beam condensed by the 
condenser 4 is irradiated, for example, metal plates, such as a griddle, a steel plate, and a 
copper plate, are used. 6 is a condensing point of the laser beam in the surface of the metallic 
material 5. 

[0020]Next, operation is explained. First, with the laser device 1, pulse width outputs the laser 
beam 2 of 1 pico second or less (sub picosecond) at 0.1 pico seconds or more from broadband 
laser, such as titanium:sapphire laser. 

[0021 ]lt is reflected by the mirror 3 as a catoptric system, a direction is changed and 
transmitted to a side with the metallic material 5, and this laser beam 2 enters into the 
condenser 4. This condenser 4 condenses that laser beam, and forms the condensing spot of 
the laser beam 2 at the predetermined condensing point of the metallic material 5 surface. 



[0022]The depth of the crevice processed by the condensing spot of this laser beam 2 is 
determined in proportion to the number of exposure accumulation of that laser beam 2. 
[0023]For this reason, in the above-mentioned condensing point, although the metallic material 
5 carries out small fusion and remains in response to big pulse energy, that most evaporates 
and the crevice of the prescribed size and the depth which climax does not produce is formed 
in an edge part. 

[0024]ln pulse width, at 1 pico second or less, it is sharp edge and the wavelength of a laser 
beam can form the crevice and hole with little climax of an edge part also in a near-infrared 
region, if pulse energies are a 500-micro joule / pulse grade. 

r0025] Drawing 2 makes the laser beam whose pulse energies are a 500-micro joule / pulse 
and whose pulse width is 1 pico second output from the laser device 1 with titanium:sapphire 
laser (wavelength of 745 millimeters), This is condensed by the condenser 4 with a focal 
distance of 100 millimeters, and a photograph shows the state of the crevice with which the 
surface of the copper plate as a metallic material was irradiated five shots and which was 
processed on it. 

[0026]According to this drawing 2 , it can check that climax of the edge part of the above- 
mentioned crevice is small compared with what was shown in conventional drawing 3 , and the 
edge of a crevice is comparatively sharp. That is, according to the pulse energy and pulse 
width under the above-mentioned conditions, when melting of a copper plate is pressed down 
effectively and the evaporation in a condensing spot part advances efficiently shows that 
climax by the edge part of the above-mentioned crevice has been avoided. 
[0027]lf the laser beam which has the wavelength of the visible range where wavelength is still 
shorter, or an ultraviolet area is used if needed, the crevice of the arbitrary depth can be 
formed with less pulse energy, and, in addition, climax of the edge part of the crevice can be 
suppressed still smaller. 

[0028]According to the laser beam machining method by the above-mentioned embodiment, 
workpieces, such as a polymer thin film with which the surface of not only metal plates, such 
as a copper plate as a metallic material, a steel plate, and a griddle, but plastic material or a 
metallic material was coated, are also received, The crevice for marking which has sharp 
edge, trimming, scribing, etc. can be formed like the above. 

[0029]For this reason, micro processing of the surface of a plastic member also becomes 
possible, and can also form the version for gravure printing or offset printing by still more 
detailed perforation processing. Therefore, in gravure printing, the reproducibility of the 
gradient in a photograph and pictures can be improved by forming the detailed crevice where 
the depth differs to the printing plate for printing as a workpiece, and alphabetic printing also 
with clear offset printing, etc. can be performed. 

[0030]By setting up the number of pulse accumulation of a laser beam greatly, since it also 



becomes arbitrary to form the deep high stoma of an aspect ratio, it can use also for 
processing of the hole for bearings of a micromachine. And by the ability to be supposed that 
peripheries, such as that stoma, are sharp also in this case, polish of the processing section 
circumference becomes unnecessary and the advantage that improvement in working capacity 
can be aimed at is acquired. 
[0031] 

[Effect of the InventionJAs mentioned above, according to the invention of claim 1 , pulse width 
outputs the high laser beam of 1 pico second or less of peak power from a laser device, 
Condense this outputted laser beam by a condenser, and it glares on a workpiece, Since the 
irradiated part of the above-mentioned laser beam on this workpiece is evaporated by this 
exposure and the crevice or the hole was formed on the above-mentioned workpiece by this 
evaporation, The amount of melting of workpieces, such as a metallic material, can be reduced 
improving the evaporation machining efficiency by the pulse energy of a laser beam, and there 
are easy and an effect that a thing processible in high efficiency is obtained, about the crevice 
and hole which have sharp edge by this. 

[0032]According to the invention of claim 2, pulse width outputs the high laser beam of 1 pico 
second or less of peak power from a laser device, Condense this outputted laser beam by a 
condenser, and it glares on the printing plate for printing, Since the irradiated part of the 
above-mentioned laser beam on the printing plate for this printing is evaporated by this 
exposure and the crevice was formed on the printing plate for the above-mentioned printing by 
this evaporation, It is effective in what can form a detailed crevice in printing plates used by 
offset printing or gravure printing, such as a printing cylinder and an intaglio, easily being 
obtained. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a key map showing the laser beam machining device which enforces the laser 
beam machining method by this embodiment of the invention. 

[Drawing 2] lt is a photograph which shows the crevice formed on the metallic member by the 
laser beam machining method of this invention. 

[Drawing 3] lt is a photograph which shows the crevice formed on the metallic member by the 
conventional laser beam machining method. 
[Description of Notations] 
1 Laser device 

4 Condenser 

5 Metallic material (workpiece) 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Translation done.] 



09>H#MWW OP) 02) g§ *}# =^ & ^ CA) 



#11^9-85475 



csointa.* 

B 2 3 EC 26/00 



33 0 



r x 

B2 3K 26/00 



N 
B 



3 S 0 



©DBMS** 






000131625 










^7^U995)9^22B 








(72)^^ 


















jp - *#9HJ— ft 



















(57) 

;j £ -tf bf — J*&&it ^ v 4 ic J: 0 UTSt 




1 : t,-m« 

5 : M5*ti|^(«*lX«f*r^ 



/ 

o^-^*S7— io^v^~nf i^— A$rtfj;*jL, -com?) 
is Hit U" — !P fcf— A u ^*r|c £ U « & LTteJUnx 

s jtfc i — ¥ tr-^ \szsx\?l£ $ vxwmm 
rooo i] 

[*p^»^t6^^3 co5Wft u~-if tr— a<o 

f 0 00 S2] 

[K*ro«flf] U— If IT— A&ft£'*'8iraE£04JRtt 
[000 3) ^Lt, w04^lC:t5tf4£R#ft&&lij 

toi — iPtr-Aoro^Bfjswsaafc 
^x^ffijagg^ji^uri^,. Sto-c. u — «/ a 

[0004] ua»u. i^T', £ e> ^— if tr— a <s> si 

[oo 0 5) tr^e, r<oJt 5^eie:3q4ftH^{h. S 
^icisf^co i — iftax-erJu (u— if 

xn/V^) 40*: 1 0 K=J^JU±c0Nd : VAC l — ■ !fj5**» 
« t? er— A Jb5 V '»^</v^fl^s it/ #£Lfc<£>^ ^ 
>^ --«/** e>G> u— tf ASr&ft t/^X-C^j^U. 

[0 00 6) rC^|CfflV^tl6Nd ;YAGM f 
j^&eou— *fLf— AttCOj 1>— if ft*fj&>£,<t>i^--»f fcT 

£'<o3nx££-3TC--3 3,, 



(2) tfrG33r 9 — 8 54 7 5 

{o o ay] 

/0 k+£><£;££?Z£2£&nx^*fc^ ^^>u — If If— A 

ir-fs ^*=. ^ t?£#i-5H»*reL*jgjfc-c£ <t 
[0009] ®3j±a>a*$fE3K«ou— tfJBox^-^^jsv* 

X N U— Iff— Ac^/W^*/!^-- l 3 * n 

[O 0 1 0] CCOE3 izifUf -lfAlX-^^cUfclli]?il 

[ooiii cio^MttJbjao^ ^*tt3iE©aua^ji^ 
&«w^tt^oia^x»*tofflafeWAJte^fe^j>8fc 

*fcttft^JipaWinxa5^lcWi^k:«fifc7?ar < & 

[0 0 12] ^fc, CC95S5g^^-l7 5/ hflJffil^^v f 

tffi^^-e-^ o v-if ftjx*(&4r»3 c ^ £ fci i% ^ 1- 
[0 0 1 3] 

[SRS«riWttSfcy)©*ai C^^^Si BS46©i — 
tsh.it i — iftr--A4r^u>?cjci: ^^Lt^X 

as*r_tizm#u w^s^izj:ox3c«ynx?e*r±ic^ 

tc J: or±iaiCTixW±^DO^^ fctt? M i£:JgiiSM-^ J: 

copjv^u-tf tr-A5rta^u, r.iOiti^^^/cir— if t* 
-A^.^^>-x^J:»3^3fcux^«Wco^ji;£js/hl 
50 U ^®l«JMicj;or^Si»jjaa>»Khtf±*c^ft^jL5Cu 



-2- 



3 

[0 0 1 5 j 

[&W<D3£l&<Di&r&] £Tf, z.co&WV>&fa(r>i&&Z'&. 

c. 1 K«*.tfA/u*(M* 1 f =MCT-(\ 

(u— Iff— A) — ^STfe^ 

[0016] -e?K-f»Rllifi«x.^?X:t7/ 

^ r i^^^cojr^t— tf**ri- sff--M> 

»aa^-*-s^«><oiK f— * bit* t^fflv^ 
b*t6. 

[0 0 17] ^43. £«✓<!?— 0 ,5 !?f 

^ .^.t—hM^ 0. 5f=>£K * 

[00 is] 2 fit— rtuai^&afl&n.fci-' 

ei&SiLfcl— If f--Afc*M^*»#l^Xt»*>a. 

[00191 se>^ 5tt^jti/yX4-efi3tsnfc^ 
^p,^w^»SSd«0. 1 f =>#gu:xi f=«8«T (■*- 

yt'^'tS?) ©>— Iff— ^ 2£r£H2rT6o 
10 0 2 1] "i<sou— iff— JkzttJSM**** 

(oo22) *a>u— fir— i»2^^*y h\z.j: 9 
taX£;K*fH^ot£Sii. if tr-A2»M» 

[0 0 2 3] l^tft, JL^^&Xtt;fc**'^*= 
[00^/1] 1^— tFtf— A£0»ft^sfcE*^WC«a 



(0 0 2 51 i23 2|^N/vxai^/V^— 3^5 O OW 

zu/^i^x, 1 f =>ttwu— iff— 

gH005!l^- h'W03fc-jteu:'X4 ^^O^Ut, 

[0 0 2 6] C<OiS2KJ:fU*. -t^DflflBO^^^OGS 
0 L# ■> &&m<D& 3 <B t ft^X/h£ < . D3 

[0027] j&gsicjfci^ kictev^m 

[o o 2 S] ±.Bsas«flW6&J=*^*» x * 
tefcii^rx, awra* LT«>*ttc. 

[0OZ9] r<D*iAt>, ^7X^^i7^«^^t0^fi5 
[0 0 3 0] V if tr— AO/'Vl'^aMftft^* 

ftco;jQX^k*Jffixss. ^ux, cco^id. ^eo 
,jsjl^coeI&^vy-^1'S r t*iX^ sr. ix. Zei 

X^J£]iZl«^3!i5^5f{c^9. fi:^^cO|Mjiu&^n<> 
10 0 3 1) 

!7--OJR5^^— iff— A«rfflyjl-, l^^JHfcU- 



<4) 



•ttfea^9-8 5^7 5 



<tX*-e£. rih-kiJ; tJ 



JO 



1 l — if§£fg; 

5 &j«m [WxiL^tt) ' 



mi] 




1 " 

5 ; «S«ftC«WFX«*t^ 



•J 




-S- 



